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Introduction 


As  a  part  of  the  problem  of  developing  numerical  wave  forecast¬ 
ing  procedures  for  the  North  Atlantic  Ocean,  selected  sequences  of  the 
weather  maps  for  the  North  Atlantic  for  which  wave  data  were  known  to 
be  available  were  studied  in  detail  for  the  five  year  period  beginning  in 
April  1955  and  ending  in  March  I960.  Data  from  a  hurricane  in  Septem¬ 
ber  1961  have  also  been  analyzed.  Certain  dates  and  times  of  obser¬ 
vations  were  selected  for  a  variety  of  reasons  for  study.  For  these  dates 
and  times,  the  National  Institute  of  Oceanography  provided  copies  of  the 
wave  records  that  were  obtained  by  the  OWS  Weather  Explorer  and  by  the 
OWS  Weather  Reporter. 

In  total,  about  800  wave  records  were  provided,  and  a  complete 
spectral  analysis  has  been  made  for  390  of  these  records. 

This  report  is  the  third  and  final  report  (Moskowitz,  Pierson, 
and  Mehrc  1962,  1963)  to  present  in  tabular  and  graphical  form  the  re¬ 
sults  of  these  analyses.  The  total  number  of  spectra  given  is  66.  The 
spectra  presented  in  this  volume,  labeled  JHC  194-219,  represent  the 
last  of  the  spectra  used  in  the  development  of  a  new  spectrum  for  fully 
develoDed  seas  (Pierson  and  Moskowitz,  1964).  Additional  spectra  are 
presented  (Bretschneider  et  al,  1962)  which  were  used  but  published 
elsewhere  for  another  purpose.  These  additional  spectra  are  taken 
from  the  above  reference  and  shown  on  two  separate  sheets  without 
graphs.  Chronologically,  they  should  be  placed  before  the  group  of 
spectra  denoted  by  JHB  1  -32  which  appeared  in  Vol.  II.  Volumes  I  and 
II  will  soon  be  reissued  under  one  cover.  The  confidence  limits  and 

graphical  tabulations  of  these  appear  in  the  reference  cited  above.  Be- 
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neath  each  column  of  spectral  values  are  the  total  variance  (ft)  , 
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significant  wave  height  (ft),  total  degrees  of  freedom,  and  the  average 
period.  These  spectra  are  compatible  with  all  the  other  published 
spectra  since  the  analysis  procedures  were  exactly  the  same. 

Analysis  procedures 

The  original  wave  records  varied  in  length,  but  almost  all  of 
this  third  set  were  15  minutes  long.  The  crest  to  trough  heights  of  the 
highest  waves  in  a  particular  record  (uncorrected  for  calibration  effects) 
varied  from  a  few  feet  to  more  than  60  feet  in  the  complete  set  of  records. 
Bounds  were  set  on  each  record  just  above  the  highest  wave  crest  and 
just  below  the  lowest  wave  trough,  and  the  records  were  read  to  an  :.c  - 
curacy  of  one  part  in  a  thousand  (nominally)  over  this  range  at  an  interval 
of  1.5  seconds  throughout  the  record.  Thus  a  15  minute  record  was 
reduced  to  a  time  series  of  600  points.  Where  gaps  or  irregularities 
occurred,  the  records  were  smoothed  by  hand  as  accurately  as  possible. 

The  time  series  of  600  points  was  then  analyzed  on  the  CDC 
1604  so  as  to  estimate  the  energy  spectrum  of  the  waves  at  60  points 
over  the  frequency  range  from  zero  to  0.333  cycles  per  second  by  means 
of  the  procedures  given  by  Tukey  (1949)  as  explained  in  detail  by  Black¬ 
man  and  Tukey  (1958).  The  smoothing  operation  that  was  used  to  go 
from  L  tu  U  in  the  equations  of  Blackman  and  Tukey  was 

(1)  Uh  =  0.25Lh_j  +  0.501^  +  0.25Lh+1 

with  suitable  corrections  at  the  ends  of  the  range. 

The  spectral  estimates  so  obtained  still  had  to  be  corrected 
for  the  response  of  the  shipborne  wave  recorder  (Tucker,  1956)  and  for 
the  introduction  of  noise  in  both  the  original  record  and  in  the  digitization 
procedure.  The  calibration  of  the  shipborne  recorder  depends  on  the 
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ship,  and  the  calibration  curves  were  provided  by  Mr.  D.  E.  Cartwrjeht 
for  this  purpose.  The  calibration  curve  for  the  Weather  Explorer 
is  given  by  Table  1.  The  calibration  curve  for  the  Weather  Reporter 
is  given  by  Table  2.  After  May  10,  1958,  the  Weather  Reporter  made 
all  of  the  wave  observations. 

As  in  another  investigation  (B  retschneider  et  al  (1962)),  it 
was  found  that  the  application  of  the  above  calibration  curves  to  the 
spectra  that  were  originally  computed  resulted  first  in  a  decrease  and 
then  a  rapid  increase  in  the  spectra  a  high  frequencies  due  to  the 
presence  of  noise  and  other  irregularities  (possibly  from  nonlinear  ef¬ 
fects  in  the  original  wave  records)  at  the  high  frequency  end  of  the 
spectrum.  To  eliminate  this  effect,  the  last  part  of  the  spectrum  was 
smoothed  by  a  three  point  running  weighted  mean  (0.25,  0.50,  and  0.25) 
and  then  the  last  ten  values  were  averaged.  In  the  first  report  of  this 
series,  this  weighting  was  carried  out  as  described  in  that  report.  The 
changes  in  this  report  should  be  noted.  For  comparison  the  first  ten 
spectra  of  this  report  are  repeats  of  the  earlier  spectra.  There  is 
essentially  no  difference.  This  average  was  treated  as  white  noise  and 
subtracted  from  all  spectral  estimates.  When  the  reduced  values  were 
multiplied  by  the  appropriate  calibration  curves,  the  usua.l  result  was 
a  fairly  smooth  spectrum  that  decreased  regularly  toward  zero  values 
at  high  frequency.  By  such  a  procedure  some  of  the  spectral  values  at 
high  frequency  will  be  negative.  These  values  were  automatically  set 
equal  torero  in  the  rest  of  the  computations. 

Even  with  these  corrections,  there  were  a  few  spectra  that 
still  became  exceptionally  large  for  frequencies  greater  than  about 
0.25  cycles  per  second.  This  behavior  was  apparently  caused  by  the 
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original  quality  of  the  record  and  not  by  the  digitization  procedure. 
These  spectra  were  further  modified  by  arbitrarily  setting  the  calibra¬ 
tion  curve  equal  to  one  above  a  certain  frequency  that  was  selected  by 
inspection  of  each  spectrum. 

The  result  of  such  a  sequence  of  computations  should  yield 
fairly  reliable  spectral  estimates  for  frequencies  ranging  from  zero  to 
0.25  cycles  per  second,  but  the  values  at  high  frequencies  should  not  be 
used  to  decide  on  any  features  of  the  high  frequency  end. 

Sample  parameter  estimates 

The  spectral  estimates  that  resulted  from  this  sequence  of 
operations  were  then  processed  further  to  obtain  some  additional  useful 
information.  Let  for  h  =  0,  1, 2,  •  •  •  ,  60,  represent  the  spectral 

estimates  (after  subtraction  of  the  noise  and  multiplication  by  the  cali¬ 
bration  for  the  shipborne  recorder)  in  terms  of  the  resolution  of  the 
variance  of  the  wave  record  into  frequency  interval^.  The  following 
quantities  were  then  also  computed  and  tabulated  with  each  spectrum. 

(2)  CORR  VAR  =  corrected  variance  = 

(3)  SIG  HGT  =  Hi  =  2.83  (2ZUh*)1/2 

(4)  AVER  T  =  T  =  [EUh*/Sfh2  uh*]^2 

2  2 

(5)  TOTAL  DF  =  Total  degrees  of  freedom  =10  [23  U^*]  / [L  ] 

(for  600  points,  60  lags;  i.  e.  ,  20  degrees  of  freedom 
per  spectral  estimate) 

The  confidence  intervals  on  the  corrected  variance  and  on  the 
significant  height  are  given  by 
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(O) 


Upper  95%  on  CORK  VAR  =  (10+1/N^TDF)  CORR  VAR 


-1/n/TDF 

Lower  5%  on  CORR  VAR  =  (10  '  )  CORR  VAR 


and  by 


(?) 


Upper  95%  on  H,  =  1q  +  1/2n/tDF 

3  3 


Lower  5%  on  Hx  =  1  0" 1  !  2  '^TDF  Hl 


in  terms  of  the  total  degrees  of  freedom  (TDF)  to  a  high  degree  of 
accuracy  since  the  total  degrees  of  freedom  are  large. 

The  corrected  variance,  the  significant  height,  and  the  total 
degrees  of  freedom  are  relatively  insensitive  t r  change  in  the  noise 
level  and  in  the  high  frequency  behavior  of  the  spectrum.  However,  the 
average  period  can  properly  be  viewed  with  caution. 

The  winds  at  the  ship  at  the  time  of  observation  are  also  given 
to  the  nearest  five  knots  as  read  directly  from  weather  maps  when 
available. 


Explanation  of  tables  and  graphs 

The  body  of  this  report  consists  of  supplementary  tables,  of 

tables  that  give  the  appropriate  results  for  each  of  the  original  wave 

records,  and  of  graphs  of  each  of  the  estimated  spectra  along  with  the 

confidence  intervals  on  the  spectra. 

The  supplementary  tables  consist  of  Tables  1  through  5. 

Tables  1  and  2  have  been  described  above. 

Table  3  gives  either  the  on  station  position  of  the  ship, 

A.  I,  J,  or  K,  or  the  latitude  and  longitude  of  the  ship  if  it  is  going 

on  or  off  station.  The  speed  and  direction  of  the  ship  are  given. 
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Position  A  corresponds  to  62°N,  33°W. 

Position  I  corresponds  to  59°N,  19°W. 

Position  J  corresponds  to  52. 5 °N, 20° W. 

Position  K  corresponds  to  45°N,  16°W. 

If  the  record  was  not  15  minutes  long,  less  than  600  points  were 
read.  For  these  records,  Table  4  gives  the  actual  number  of  points 
used  and  the  corrected  total  degrees  of  freedom.  A  correction  to  the 
upper  and  lower  confidence  limits,  which  would  be  quite  small,  would 
also  be  needed  to  be  exact. 

Table  5  consists  of  date,  time  and  wind  speed  for  each  record 
of  the  three  reports.  The  wind  speeds  were  extracted  from  the  logs  of 
the  weather  ships  and  are  recorded  to  the  nearest  knot.  These  wind 
speeds  should  be  considered  to  be  the  most  accurate  available  for  the 
data  at  hand. 


Spectral  tabulations 


A  tabulated  spectrum  can  be  interpreted  as  follows: 


la)  Supplementary  data  for  each  spectrum  consist  of  the  date, 
hour,  wind  speed,  total  degrees  of  freedom,  average  period, 
significant  height,  corrected  variance,  noise  level,  and 
record  number.  The  confidence  limits  for  the  height  accord¬ 
ing  to  equation  (7)  are  given.  A  zero  wind  speed  represents 
an  unreported  wind  speed  at  the  time  of  the  observation  as 
read  from  synoptic  charts. 

lb)  In  the  first  column,  the  spectral  lag  numbers  (H)  are  given. 

2)  In  the  second  column  (FRE)  the  frequency  according  to  the 

equation  f  =  H/180  (sec  * )  is  given. 
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2 

3)  In  the  third  column  (UNIT  =  FT  ),  the  spectrum  as  computed 

2 

from  the  original  data  is  given  in  units  of  (ft)  . 

4)  In  the  fourth  column  (FILTERED),  a  smoothing  operator 
for  H  >  40  is  applied.  It  is  actually 

Fh  =  0.25Uh.1  +  0.50Uh+0.25Uh+1 

(where  F  =  Filtered,  and  U  =  Original  Tukey  Estimate). 

5)  In  the  fifth  column  (LESS  NOISE),  the  noise  level  shown  at  the 
top  is  subtracted  from  each  estimate. 

6)  In  the  sixth  column  (CORR  FT  2),  the  LESS  NOISE  column  is 
multiplied  by  the  calibration  curve  for  the  shipborne  record 
according  to  either  Table  1  or  Table  2.  If  this  column  agrees 
with  the  previous  column,  at  high  frequencies,  the  calibration 
curve  has  been  arbitrarily  set  equal  to  one  to  avoid  extreme 
values  at  high  frequency. 

7)  In  the  last  two  columns,  the  upper  and  lower  95%  and  5% 
confidence  bounds  are  shown. 

The  format  has  been  changed  so  that  the  numbers  will  be  larger 
and  more  legible. 

Only  the  spectral  values  are  given  from  the  report  by  Bret- 
schneider  et  al.  (1962)  so  as  to  put  all  of  the  available  data  in  one 
convenient  reference. 

The  graphs  of  the  spectra 

The  plot  that  accompanies ythe  spectral  tabulation  shows  the 
spectrum  and  the  95%  and  5%  confidence  bounds.  A  histogram  that  can 
be  plotted  directly  by  the  machine  has  been  used  to  simplify  the  presen¬ 
tation.  The  asterisks  represent  the  upper  and  lower  bounds.  The  solid 
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portion  represents  the  outline  of  the  spectrum.  The  scale  is  chosen  so 

that  the  highest  95%  confidence  value  is  at  the  top  of  the  graph  and 

the  vertical  axis  of  the  coordinate  system  shows  the  spectral  values  for 

2 

that  spectrum  in  units  of  (feet)  .  The  scales  change  with  each  spectrum 
and  comparisons  between  spectra  by  means  of  the  graphs  should  be 
made  cautiously. 

Availability  on  magnetic  tape 

The  procedures  used  to  carry  out  the  spectral  computations  neces¬ 
sitate  the  use  of  the  digitized  wave  records.  If  the  spectra  are  to  be  com¬ 
puted  only  once  this  procedure  is  satisfactory.  If  further  operations  or 
recalculations  of  the  spectra  are  to  be  performed,  the  use  of  the  digit¬ 
ized  wave  records  can  be  eliminated.  The  use  of  the  raw  spectra  (shown 
in  column  three  of  the  tabulated  spectra)  reduces  the  amount  of  input 
data  considerably  and  hence,  also  speeds  up  the  computer  operations. 

The  raw  spectra  of  all  the  records  presented  in  this  report,  the  previous 
two  reports,  and  the  paper  by  Bretschneider  et.  al  (1962)  are  available 
on  magnetic  tape.  For  those  who  may  find  further  use  of  the  rav/ 
spectra,  additional  copies  of  the  tape  can  be  made  available. 
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Table  1,  Calibration  factors  for  the  Weather  Explorer.  (Vector  A) 


1.0000 

l.COOO 

1.0000 

1.0000 

1.3740 

1.2452 

1. 1746 

1. 1547 

1. 1870 

1.2304 

1.5193 

1.6241 

1.7444 

2.4349 

2.6765 

2.9523 

4.5654 

5. 1490 

5.8190 

9.9169 

1 1.4459 

13.2691 

24.8366 

29.3522 

34.8079 

7  1.5502 

86.5947 

105. 1503 

237.3987 

293.8682 

365. 1736 

1.0000 

1.0000 

1.6157 

1. 1399 

1.1291 

1.1343 

1.2845 

1.3504 

1.4277 

1.8828 

2.0415 

2.2243 

3.2725 

3.6414 

4.0714 

6.6136 

7.5383 

8.633  8 

15.4245 

18.0095 

21.1086 

41.4485 

49.5464 

59.4548 

128.  1186 

156.7723 

192.5202 

455.5306 

570.2699 

716.8705 

Table  2.  Calibration  factors  for  the  Weather  Reporter.  (Vector  B) 


1.0000 

1.0000 

1.0000 

1.0000 

1.3277 

1. 1908 

1. 1099 

1.0260 

1.0350 

1.0514 

1.1805 

1.2280 

1.2817 

1.5731 

1.6684 

1.7736 

2.3321 

2.5169 

2.7181 

3.8088 

4. 1715 

4.5826 

6.8201 

7.5845 

8.4517 

13.3689 

15.0856 

17.0596 

28.6529 

32.8206 

37.6868 

1.0000 

1.0000 

1.5755 

1.0630 

1.0375 

1.0257 

1.0633 

1. 1034 

1. 13  84 

1.3424 

1.4105 

1.487  1 

1.8918 

2.0229 

2.1704 

2.9479 

3.2018 

3.4899 

5.0408 

5.5616 

6.1512 

9.4439 

10.5785 

1  1.87  84 

19-3530 

22.0055 

25.0761 

43.3807 

50.0432 

57.8872 
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Table  3.  Position  and  speed  of  ship  for  each  record. 


Record  No. 

Position 

Heading 

Speed  (kts) 

dC  194 

I 

215° 

1 

195 

I 

250° 

1 

196 

I 

Stopped 

i  99 

I 

310° 

1 

201 

I 

320° 

1/2 

203 

I 

3  1  0  0 

1/2 

204 

I 

340° 

2 

205 

I 

3 50  * 

2 

208 

I 

Stopped 

209 

I 

Shopped 

212 

I 

Stopped 

217 

I 

180° 

2 

218 

I 

250° 

1 

219 

I 

240° 

1 

Table  4. 

Data  on  short  records  for 
600  points  were  available. 

which  less  than 

Record  No. 

No.  of 
points 

Original 

TDF 

Corrected 

TDF 

JHC  197 

586 

197 

192 

198 

590 

192 

189 

200 

590 

209 

206 

202 

590 

193 

190 

206 

490 

1 66 

136 

207 

420 

169 

118 

210 

500 

199 

166 

211 

510 

221 

188 

213 

570 

1  87 

178 

214 

540 

198 

178 

215 

570 

17  1 

162 

216 

590 

203 

200 
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Table  5.  Master  table  of  record  numbers,  dates,  times 
and  wind  speeds  extracted  from  the  log  of  the 
weather  ships.  (Parts  I  and  II  ) 


ord  # 

Date 

Hour 

Wind 
s  peed 

Record  # 

Date 

Hour 

Wind 

speed 

,  1 

19/1/58 

0 

28 

30 

3 

30 

2 

6 

28 

31 

27/10/58 

0 

22 

3 

12 

30 

32 

0 

33 

4 

18 

36 

33 

15 

34 

5 

20/1/58 

0 

30 

34 

27/10/58 

21 

30 

6 

6 

34 

35 

28/10/58 

9 

32 

7 

15 

35 

36 

15 

33 

8 

21 

30 

37 

21 

33 

9 

21/5/58 

0 

38 

38 

29/10/58 

3 

32 

10 

6 

37 

39 

9 

29 

11 

12 

28 

40 

18 

30 

12 

18 

28 

41 

30/10/58 

0 

27 

13 

21 

26 

42 

6 

13 

14 

22/1/58 

3 

20 

43 

17/1/59 

6 

25 

15 

24/4/58 

3 

36 

44 

16/1/59 

9 

16 

16 

6 

40 

45 

15 

22 

17 

12 

40 

46 

7/11/59 

21 

40 

18 

15 

35 

47 

7/11/59 

12 

38 

19 

18 

35 

48 

15 

40 

20 

21 

36 

49 

18 

35 

21 

25/4/58 

0 

36 

50 

8/11/59 

0 

55 

22 

3 

30 

51 

6 

56 

23 

6 

33 

52 

12 

38 

24 

9 

36 

53 

15 

37 

25 

12 

43 

54 

21 

35 

26 

15 

42 

55 

9/11/59 

0 

35 

27 

18 

35 

56 

6 

40 

28 

21 

33 

57 

12 

28 

29 

26/4/58 

0 

30 

58 

18 

28 

13 


Record  # 

Date 

Hour 

Wind 

speed 

Record  # 

Date 

Hour 

Wind 

speec 

59 

10/11/59 

0 

30 

89 

12 

25 

60 

6 

35 

90 

15 

25 

61 

11/9/61 

21 

7 

91 

18 

23 

62 

12/9/61 

3 

10 

92 

21 

23 

63 

6 

11 

93 

3/10/59 

0 

23 

64 

9 

1 1 

94 

3 

27 

65 

12 

10 

95 

12 

9 

66 

15 

11  , 

96 

15 

6 

67 

12/9/61 

18 

10 

97 

25/7/59 

0 

26 

68 

21 

8 

98 

3 

24 

69 

13/9/61 

0 

8 

99 

6 

25 

70 

3 

8 

100 

9 

25 

71 

6 

8 

101 

12 

27 

72 

15 

9 

102 

15 

27 

73  [none] 

103 

18 

23 

74 

14/9/61 

l 

7 

104 

21 

23 

75 

6 

5 

105 

26/7/59 

0 

20 

76 

30/1/60 

18 

33 

106 

6/4/57 

6 

30 

77 

21 

42 

107 

12 

28 

78 

31/1/60 

0 

43 

108 

15 

30 

79 

3 

39 

109 

18 

28 

80 

6 

48 

1 10 

21 

26 

81 

9 

41 

ill 

0 

21 

82 

12 

40 

1 12 

7/4/57 

3 

23 

83 

15 

40 

1 13 

12 

25 

84 

18 

36 

1 14 

18 

30 

85 

21 

40 

1 15 

8/4/57 

3 

30 

86 

1/2/60 

0 

35 

116 

12 

21 

87 

6 

12 

88 

2/10/59 

9 

23 

14 


Record  # 

Date 

Hour 

Wind 

speed 

Record  # 

Date 

Hour 

W  ind 
speed 

JH  1 

17/1/59 

12 

35 

28 

29/1/59 

0 

40 

2 

9 

33 

29 

6 

35 

3 

15 

35 

30 

12 

34 

4 

18 

34 

31 

18 

38 

5 

21 

31 

32 

24/1/59 

3 

35 

6 

18/1/59 

0 

23 

33 

6 

38 

7 

3 

22 

34 

24/1/59 

9 

45 

8 

28/3/59 

12 

19 

35 

12 

30 

9 

18 

31 

36 

15 

32 

10 

29/3/59 

0 

37 

37 

18 

32 

1 1 

6 

37 

38 

21 

21 

12 

12 

27 

39 

25/1/59 

0 

16 

13 

9 

27 

40 

3 

19 

14 

15 

29 

41 

18/12/58 

12 

40 

15 

18 

27 

42 

18 

42 

16 

21 

27 

43 

19/12/58 

0 

40 

17 

30/3/59 

0 

29 

44 

6 

27 

18 

3 

27 

45 

12 

41 

19 

9 

21 

46 

1  8 

39 

20 

27/1/69 

18 

22 

47 

21 

48 

21 

28/1/69 

0 

34 

48 

20/12/58 

0 

50 

22 

6 

27 

49 

50 

23 

9 

40 

50 

6 

47 

24 

12 

50 

51 

9 

45 

25 

15 

48 

52 

15 

41 

26 

18 

50 

53 

21 

47 

27 

21 

50 

54 

21/12/58 

0 

43 

15 


Record  # 

Date 

Hour 

Wind 
s  peed 

Record  # 

Date 

Hour 

W  ind 
speec 

JHB  1 

22/12/59 

0 

35 

17 

25/12/59 

0 

43 

2 

6 

40 

1  8 

6 

21 

3 

12 

45 

19 

12 

19 

4 

15 

40 

20 

15 

25 

5 

18 

50 

21 

18 

25 

6 

21 

52 

22 

21 

22 

7 

23/12/59 

0 

55 

23 

26/12/59 

0 

37 

8 

3 

52 

24 

6 

23 

9 

6 

43 

25 

9 

22 

10 

9 

45 

26 

12 

22 

11 

12 

45 

27 

15 

30 

12 

21 

40 

28 

21 

18 

13 

24/12/59 

3 

37 

29 

27/12/59 

3 

23 

14 

6 

32 

30 

9 

28 

15 

12 

20 

31 

15 

25 

16 

18 

18 

32 

21 

23 

16 


F  ^cord  # 

Date 

Hour 

Wind 

speed 

Record  # 

Date 

Hour 

Wind 

speed 

JHC  1 

23/11/56 

12 

20 

31 

8/6/55 

3 

22 

2 

15 

32 

32 

12 

26 

3 

18 

46 

33 

15 

25 

4 

21 

41 

34 

21 

22 

5 

24/11/56 

0 

40 

35 

9/6/55 

0 

17 

6 

3 

38 

36 

3 

16 

7 

6 

38 

37 

6 

26 

8 

9 

40 

38 

12 

45 

9 

15 

36 

39 

18 

42 

10 

18 

35 

40 

21 

47 

11 

25/11/56 

0 

40 

41 

9/4/55 

0 

45 

12 

3 

42 

42 

3 

41 

13 

9 

38 

43 

6 

35 

14 

12 

35 

44 

9 

27 

15 

19/9/55 

3 

21 

45 

15 

27 

16 

9 

21 

46 

21 

22 

17 

15 

17 

47 

9/3/58 

3 

18 

18 

21 

17 

48 

6 

20 

19 

20/9/55 

3 

21 

49 

0 

28 

20 

6 

25 

50 

6/11/56 

18 

34 

21 

15 

21 

51 

7/11/56 

0 

39 

22 

21/9/55 

0 

19 

52 

6 

28 

23 

3 

19 

53 

9 

28 

24 

12 

27 

54 

12 

2  8 

25 

7/6/55 

0 

19 

55 

15 

30 

26 

6 

22 

56 

21 

32 

27 

9 

22 

57 

8/li/ 56 

0 

32 

28 

14 

20 

58 

3 

30 

29 

18 

24 

59 

6 

18 

30 

21 

25 

60 

12 

20 

17 


Record  # 

Date 

Hour 

Wind 

speed 

Record  # 

Date 

Hour 

Wind 

speed 

JHC  61 

19/6/56 

0 

20 

91 

15 

39 

62 

9 

1  5 

92 

21 

39 

63 

14 

20 

93 

22/3/56 

3 

37 

64 

18 

19 

94 

9 

19 

65 

20/6/56 

0 

20 

95 

15 

17 

66 

3 

1  8 

96 

18 

21 

67 

6 

19 

97 

3/11/55 

18 

28 

68 

9 

20 

98 

4/11/55 

0 

28 

69 

12 

19 

99 

6 

36 

70 

18 

15 

100 

9 

48 

71 

10/5/56 

12 

24 

101 

12 

50 

72 

18 

38 

102 

18 

28 

73 

11/5/56 

0 

43 

103 

21 

22 

74 

3 

43 

104 

5/11/55 

3 

35 

75 

6 

44 

105 

6 

32 

76 

9 

40 

106 

15 

30 

77 

12 

42 

107 

21 

35 

78 

14 

41 

108 

6/11/55 

0 

24 

79 

15 

^0 

109 

6 

19 

80 

18 

45 

110 

22/5/57 

6 

15 

81 

21 

38 

111 

12 

19 

82 

12/5/56 

0 

30 

112 

15 

18 

83 

3 

30 

113 

18 

20 

84 

20/3/56 

18 

29 

1 14 

21 

23 

85 

21 

39 

115 

22/5/57 

0 

25 

86 

21/3/56 

0 

29 

116 

23/5/57 

3 

27 

87 

3 

35 

1 17 

6 

25 

88 

6 

35 

118 

9 

21 

89 

9 

37 

1  19 

15 

14 

90 

12 

37 

120 

16/4/58 

12 

20 

18 


Record  # 

Date 

Hour 

Wind 

speed 

Record  # 

Date 

Hour 

Wind 

speed 

JHC  121 

16/4/58 

18 

24 

153 

12 

40 

122 

17/4/58 

0 

23 

154 

15 

30 

123 

6 

23 

155 

18 

30 

124 

12 

22 

156 

6/6/59 

0 

40 

125 

1  8 

24 

157 

3 

41 

126 

18/4/58 

3 

18 

158 

6 

48 

127 

6 

24 

159 

9 

41 

128 

12 

25 

160 

12 

41 

129 

18 

28 

161 

15 

36 

130 

21 

29 

162 

18 

36 

131 

19/4/58 

3 

32 

163 

21 

34 

132 

9 

30 

164 

7/6/59 

3 

25 

133 

15 

23 

165 

11/12/55 

3 

47 

134 

21 

23 

1 66 

9 

45 

135 

10/12/58 

0 

28 

167 

12 

43 

136 

3 

38 

168 

15 

36 

137 

6 

34 

169 

18 

10 

138 

9 

40 

170 

21 

10 

139 

12 

44 

17  1 

12/12/55 

0 

10 

140 

15 

50 

172 

3 

17 

141 

18 

52 

173 

9 

15 

142 

21 

36 

174 

15 

20 

143 

11/12/58 

0 

30 

175 

13/12/55 

0 

15 

144 

3 

20 

176 

9 

1 6 

145 

6 

18 

177 

15 

10 

146 

15 

46 

j  178 

14/12/55 

0 

16 

147 

18 

35 

1  179 

6 

19 

148 

2  1 

47 

180 

12 

18 

149 

12/12/58 

0 

40 

181 

18 

14 

150 

3 

32 

1  82 

15/12/55 

0 

5 

151 

6 

40 

183 

6 

0 

152 

9 

38 

1  184 

1  8 

12 

19 


Record  # 

Date 

Hour 

Wind 

speed 

Record  # 

Date 

Hour 

Wind 

speed 

JHC  185 

16/12/55 

0 

16 

190 

9 

0 

186 

3 

13 

191 

15 

4 

187 

1 1 

10 

192 

21 

2 

188 

18 

10 

193 

18/12/59 

0 

2 

189 

17/12/55 

3 

14 

i 

’ 

(  Part 

m) 

JHC  194 

4/3/58 

15 

40 

207 

21 

20 

195 

18 

45 

208 

19/11/56 

21 

30 

196 

5/3/58 

3 

40 

209 

20/11/56 

3 

18 

197 

6 

40 

210 

6 

15 

198 

Q 

/ 

40 

211 

12 

28 

199 

12 

40 

212 

15 

38 

200 

15 

40 

213 

18 

40 

201 

21 

40 

214 

21 

48 

202 

6/3/58 

3 

35 

215 

21/11/56 

3 

42 

203 

6 

35 

216 

6 

32 

204 

12 

40 

217 

12 

35 

205 

18 

20 

218 

15 

32 

206 

15/12/55 

12 

8 

!  219 

21 

23 

20 


Record  # 

Date 

Hour 

Wind 
s  peed 

Record  # 

Date 

Hour 

Wind 

speed 

JHA  1 

15/12/59 

3 

21 

12 

26 

2 

6 

22 

15 

36 

3 

12 

21 

23 

18 

26 

4 

18 

25 

24 

21 

23 

5 

16/12/59 

0 

10 

25 

19/12/59 

0 

30 

6 

6 

4 

26 

3 

35 

7 

12 

23 

27 

6 

18 

8 

18 

32 

28 

9 

18 

9 

17/12/59 

0 

60 

29 

12 

28 

10 

3 

61 

30 

15 

25 

11 

b 

48 

31 

18 

17 

12 

9 

48 

32 

21 

14 

13 

12 

48 

33 

20/12/59 

0 

28 

14 

15 

48 

34 

6 

36 

15 

18 

48 

35 

12 

28 

16 

21 

41 

36 

18 

16 

17 

18/12/59 

0 

40 

37 

21/12/59 

0 

28 

18 

3 

25 

38 

6 

27 

19 

6 

20 

39 

12 

7 

20 

9 

9 

40 

17 

23 

21 
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